iNtRODUCtiON
The term dysraphism refers to defective closure of the neural tube and therefore should apply to abnormalities of primary neurulation only. Nonetheless its application has been broadened to include all congenital spinal disorders in which there is anomalous differentiation and / or incomplete closure of dorsal midline structures including skin, muscles, vertebrae, meninges, and nervous tissue. 1 The true incidence of spinal dysraphism in the general population is unknown, l although an incidence of 0.05 to 0.25 per 1000 births has been estimated. 2 These abnormalities usually involve the lumbosacral spine, although lesions in the cervical and thoracic regions do occur. 2 From a clinical and embryological perspective, the disorders of primary neurulation can be divided into open spinal dysraphism (OSD) and closed spinal dysraphism (CSD). In OSD, neural tissue is exposed to the skin with leakage of cerebrospinal fluid (CSF). In CSD, the malformed neural tube is covered by mesodermal (subcutaneous fat) and ectodermal (skin) elements; no neural tissue is freely exposed and no leakage of CSF is present. 3 Magnetic resonance imaging (MRI) became the most useful modality for detailed imaging of the anatomy of these lesions and was reported as the imaging study of choice for spinal dysraphism in 1986. 4 The present study aimed to characterise and categorise the site and type of spinal dysraphism on MRI, study additional / associated findings in cases of spinal dysraphism, and correlate the MRI findings with surgical and / or anatomical pathological findings wherever possible.
MEtHODS
We prospectively studied 50 patients of all age-groups with a clinical diagnosis of spinal dysraphism over a period of 18 months from January 2014 to June 2015. The study was approved by the hospital research and ethics committee. Informed consent was obtained from all study participants. Patients were excluded from the study if they had had previous surgery for spinal dysraphism and / or there were contraindications to MRI. All patients included in the study were subjected to a physical examination and a detailed clinical history was obtained.
MR technique and Protocol
MRI in the present study was carried out on a Philips Gyroscan Achieva 1.5 Tesla unit (Philips, Amsterda, The Netherland). The standard protocol consisted of T1-weighted (T1W) sequence in axial and sagittal planes, T2-weighted (T2W) sequence in axial, sagittal, and coronal planes. Short tau inversion recovery sequence was used wherever required. For brain screening, T2W sequence in sagittal and axial planes were used. A total of 50 patients (26 male and 24 female) were examined using MRI. The mean age was 2.8 years, with a range from 1 day to 15 years. Most patients (74%) were younger than 1 year, 14% were 1 to 5 years old, and 12% older than 5 years. Clinically all patients presented with either a skin-covered or nonskin-covered back mass. Of the 50 patients, 26 had CSD and 24 had OSD. Various features were present in CSD patients, but all the OSD patients presented with meningomyelocele (MMC). Their features are listed in Table 1 . Of the 12 patients with diastematomyelia, eight were associated with CSD abnormalities and four with The lumbar region (54.2%) was the most common site of occurrence of spinal dysraphism, followed by the sacral (33.3%), thoracic (8.3%), and cervical (4.2%) regions (Table 2 ).
RESUltS

During
Chiari II malformation was diagnosed in eight patients as an associated finding in dysraphic lesions (all patients had MMC and 3 patients had diastematomyelia).
Chiari III malformation was present in four patients, of whom two had associated dorsal dermal sinus and two had diastematomyelia. (3) Kyphoscoliosis (2) Tethered cord (2) Diastematomyelia (1) Hemivertebrae (2) Epidural lipoma (1) Diastematomyelia (8) Syringohydromyelia (8) Tethered cord (7) Dorsal dermal sinus (1) Kyphoscoliosis (3) Block vertebra (3) Hemivertebra (3) Partial sacral agenesis (1) Epidural lipoma (2) Ventriculomegaly (4) Corpus callosum agenesis (1) Arnold-Chiari type II (2) Arnold-Chiari type III (2) Filum terminale lipoma (2) Tethered cord (2) Dorsal dermal sinus (11) Syringohydromyelia ( (1) Ventriculomegaly (1) Corpus callosum agenesis (1) Arnold-Chiari type III (2) Meningomyelocele (cervical) (2) Corpus callosum agenesis (1) Ventriculomegaly (1) Arnold-Chiari type II (1) 
DiSCUSSiON
In the present study, the majority of cases were male (n = 26; 52%) with a male-to-female ratio of 1.08:1. Nishtar et al 5 reported a similar male-to-female ratio of 1.12:1.
The majority of patients were found to have MMC and constituted about 52% of the study population with most lesions (87.5%) located in the lumbosacral region. This is in agreement with Kumar and Singh 6 who stated that MMC is the most common skin manifestation and the lumbosacral region the most common site of spinal dysraphism. MR examination showed defective posterior elements in all cases with meningeal sac filled with CSF and neural tissue. This is in agreement with Tortori-Donati et al 7 who stated that in MMC, a segment of the spinal canal (placode) protrudes together with the meninges through a bony defect in the midline of the back, and is therefore exposed to the environment.
The spinal cord showed syringohydromyelia in 13 patients. This is in agreement with Kumar and Singh 6 who stated that syringohydromyelia was the common association in MMC. In this study, sagittal MRI sections in the craniocervical region showed tonsillar herniation i.e. Chiari type II malformation in eight patients.
Meningocele was initially diagnosed in three patients by MRI but one case was subsequently found to be MMC after surgery and histopathology. Meningocele thus constituted 4% of all cases of spinal dysraphism. For the two patients who were correctly diagnosed by MRI with MMC, one had associated hypertrichosis, diastematomyelia, and low-lying tethered cord. The findings of the present study are consistent with the work by Kumar and Singh 6 in which three out of 155 patients presented with meningocele. The classical posterior meningocele is characterised by herniation of a CSF-filled sac lined by dura mater and arachnoid through posterior spina bifida. It is commonly lumbar or sacral, but thoracic and even cervical meningoceles are occasionally found.
Lipomyelomeningocele was detected in four patients in our study, all of whom presented with a skincovered midline back mass just above the intergluteal crease. The mass was soft in consistency with areas of nevi on the back in one patient. This is in agreement with Tortori-Donati et al 8 who stated that a midline subcutaneous mass right above the natal cleft and extending asymmetrically into one buttock is the rule. On MR examination the subcutaneous and intramedullary lipoma showed hyperintense signal on both T1W and T2W sequences. The spinal cord was low lying and tethered by the lipomatous tissue in all Kilickesmez et al 10 and Moorthy 11 reported that diastematomyelia referred to an abnormality where the spinal canal was split by a fibrous, cartilaginous, or bony septum creating two sleeves, each containing a portion of spinal cord that was split sagittally. The incidence of diastematomyelia in our study was 24% while the incidence was 20% to 40% in the study by McComb.
12
On MR examination, spur may be isointense or slightly hyperintense compared with CSF on T1W images if non-ossified; it will be hyperintense on T1W images if ossified because of the high signal intensity of marrow. Bony, cartilaginous, and fibrous spurs all appeared hypointense on T2W spin echo and gradient echo images. This is in agreement with Kilickesmez et al's study.
10
Tortori-Donati et al 7 stated that the dermal sinus was an epithelium-lined fistula that extends inward from the skin surface, and could connect with the central nervous system and the meningeal coating. Dermal sinus tract was found in 22% of patients in our study, similar to a study by Nishtar et al 5 which showed an incidence of 17.6%. MR examination showed the sinus tract as a hypointense tract on T1W sequence connecting the skin to the subarachnoid space. This is similar to the findings described by Jindal and Mahapatra 13 who stated that all midline skin dimples above the intergluteal crease must be assumed to communicate intraspinally and those below the crease are blind sacrococcygeal dimples and do not require exploration.
Filum terminale lipoma is commonly seen at the lumbosacral level and accounted for 4% of spinal dysraphism in our study compared with 3.2% in a study by Al-Omari et al.
14 On MRI, filum lipomas are isointense to subcutaneous fat in all sequences i.e. they give high signal on T1W and fast spin echo T2W images. Filum terminale lipoma on MRI shows fat within thickened filum terminale. Because the filum terminale is slightly off the midline, axial T1W images are most useful for diagnosis. This is in agreement with study done by Tortori-Donati et al. 8 Spinal dysraphic lesions can anatomically tether the conus medullaris so that the neural tissue of the lower spinal cord is placed in progressive mechanical traction as the child's vertebral column grows. It is therefore postulated that over time, progressive cord ischaemia and neural dysfunction will result. 5 In our study, tethered cord was seen in 58% of patients compared with the 64.7% reported by Nishtar et al. 5 We included eight patients with Chiari II malformation in our study, including five females and three males. A similar incidence was found by Hadley, 15 where Chiari II malformation affected girls twice as often as boys. All patients had MMC and there was associated diastematomyelia in three. MRI examination revealed caudal herniation of the cerebellar tonsil, as well as herniation of the brain stem, 4th ventricle and shallow posterior fossa. Hydrocephalus (6 patients) and syringohydromyelia (6 patients) were associated features that have been reported by Griffiths et al, 16 of whom four presented with Chiari II malformation, two had associated dorsal dermal sinus, and two had diastematomyelia.
Our study showed excellent agreement (κ = 0.937) for the evaluation of spinal dysraphism between MRI and histopathological assessment. Preoperatively, the final diagnosis was accurately made on the basis of MRI in 33 out of 34 patients. These results are similar to those of Altman and Altman 17 who evaluated and correlated the diagnostic performance of MRI with surgery / histopathological sections and observed a high correlation between the values measured by MRI and histopathology. In our study, MRI showed high accuracy of 97.4% in evaluation of spinal dysraphism and supports the findings of Nishtar et al 5 who stated that MRI is a highly accurate modality in the diagnosis of spinal dysraphism.
CONClUSiON
MRI is an excellent means to image pathological processes in the paediatric spine. Because of its multiplanar imaging and tissue characterisation abilities, MRI plays a key role in the diagnosis of spinal dysraphism. MRI is useful in detecting spinal dysraphism that may be missed by conventional radiological evaluation, physical examination, and spinal ultrasound. MRI is also an excellent modality for identification of neural tissue abnormalities associated with spinal dysraphism such as syringohydromyelia, spinal lipomas, tethered cord, hydrocephalus, vertebral anomalies, and Chiari malformations.
